Abstract. The Shumagin Islands earthquake of May 13, 1993, occurred in a previously identified seismic gap where a large subduction earthquake is expected. We analyzed long-period surface waves and P waves recorded on the IRIS stations to estimate the fault parameters. The Centroid Moment Tensor solution shows that the focal mechanism is a thrust type with the strike parallel to the Aleutian trench. The seismic moment is 2.0 x 1019 Nm and the corresponding moment magnitude is 6.8. The
Introduction
The Shumagin seismic gap has been identified for some time as a region between the rupture areas of the 1938 Alaskan and 1946 Aleutian earthquake (Figure 1, inset) . Davies et al. [1981] suggested that the gap could be broken by a series of large earthquakes with Mw of 7.2 to 7.8, or in a single great event of Mw 8.4. In more recent analyses, Nishenko and Jacob [1990] and Nishenko [1991] In this paper, we use seismic surface waves and body waves to provide additional estimates of fault parameters for this earthquake, and compare our results with the fault mechanism and magnitude that might be expected in the Shumagin Seismic Gap on the basis of regional tectonics and previous analysis by other investigators. We also compute synthetic tsunami to better understand the lack of a detectable tsunami signal at the two nearby sea level stations.
Surface wave analysis
We performed the cMT inversion [Dziewonski et (Figure 2a) . Hence, the earthquake was a subduction event, with strike parallel to the Aleutian trench, as would be expected to occur in this gap. However, the moment magnitude, M w 6.8, is significantly smaller than either the 7.4 expected value of Nishenko [1990] 
Body wave analysis
We performed the Moment Tensor Rate Function (MTRF) inversion [Ruff and Tichelaar, 1990 ] using broadband P waves recorded at 12 stations. We used the first 40 s of P wave, filtered with a 2 s duration triangle. The MTRFs are sampled at 2 s interval. We first performed the MTRF inversion with a P velocity of 6.7 km/s and a density of 2.7 g/cm 3 to find the best depth. Figure 3 The seismic moment of the main pulse is 1.4 x 1019 Nm which is slightly smaller than that from surface waves. The moment magnitude' Mw is 6.7. It suggests that 70% of the moment was released in the first ten seconds. If we assume a bilateral rupture with velocity of 3 kin/s, the rupture length in first ten seconds is 60 kin. If the rupture is unilateral or the velocity is less than 3km/s, the rupture length becomes smaller.
Tidal gauge and bottom pressure record analysis
There is a tide gauge station at Sand Point, within 100 km of the epicenter, maintained by NOAA's National Ocean Service (Figure 1) . The record is presented in Figure 5a for a 3.5 h period beginning 0.5 h before the main shock. No tsunami signal is evident against the background noise level, which is on the order of a few cm. 
Discussion
We have seen that the synthetic tsunami wave at the BPR station is more than an order of magnitude smaller than the synthetic wave at the tide gauge station. This is probably due to the shallow water depth, less than 200 m, of the epicentral area (see Figure 1) . Most of the tsunami energy could be trapped on the continental shelf, in the form of an edge wave [LeBlond and Mysak, 1978] or ridge wave [Satake et al., 1992] . Hence the BPR did not record a significant tsunami, although it is much more sensitive than the tide gauge. To explore this possibility further, we performed an additional simulation with the smaller fault as the source, but relocated to the trench, about 100 lan south of the estimated epicenter. This simulation produced synthetic tsunami amplitudes of 4.0 cm at Sand Point and 0.8 cm at the BPR, with periods and waveforms which are significantly different from the previous simulations. Thus, the deep ocean source produces a larger synthetic tsunami at Sand Point, despite the longer travel distance. But we also see that the synthetic tsunami amplitude at the BPR is an order of magnitude smaller for the continental shelf source compared to the deep ocean source, consistent with the hypothesized trapping of the tsunami energy on the shelf. [Person, 1986] , respectively. Our large fault model for the May 13, 1993 earthquake is located trenchward from the epicenter of the 1974 event and just arcward from the 1983 and 1985 events, which were adjacent to each other. Thus, our best depth of 35 km for the 1993 event is consistent with these previous studies. Lisowski et al. [1988] suggest that the 1983 and 1985 earthquakes may represent partial ruptures at the down-dip edge of the coupled zone. We suggest that the 1993 earthquake also ruptured at the down-dip edge of the coupled zone. Furthermore, the rupture length of the 1993 earthquake is likely to be 40-60 km, much shorter than the Shumagin seismic gap, 280 km. Therefore, this earthquake did not fill the Shumagin gap.
It is also important to understand why the tsunami is so small. We find that in addition to the small moment and large depth, the location of the source beneath the continental shelf is also an important factor in producing a small tsunami. This contrasts with the 1992 Nicaragua earthquake which was characterized by a large slip near the trench and produced large tsunamis [Satake, 1993] .
